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PROVISIONAL SPECIFICATION 

"Preparative Procedures for Porcine Islets" 



We DIATRANZ LIMITED, a company duly incorporated under the laws oi x.ew ^ca.^. 
Z 19 Laureston Avenue, Papatoetoe, Auckland, New Zealand, do hereby declare tins 
invention to be described in the following statement: 
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The present invention relates to improvements in and/or relating to the treatment of 



"'"''^The present invention relates to the treatment of a mammalian patient sufTeong 
from diabet!s (including humans) which involves the transplantation tnto the tnammal of 

of wool itotto prevent the feared complications of the disease, whtch has provded 
of blood glucose to p methods of sustaining normoglycaemia. 

,he impetus for .ntenstve research mtt, ™^ , ttansplantation of 

i,nr,ni,thenewertreatmentsti:ategiestnaiaa",u^„.r--r- • - 

fsltt ce is obtained either from other humans or animals, has recetved the 

donor animals; . m 

pig and human insulin have close structural similarities; and 

fc! ^^siologic. glucose levels in ^^2^!:::^::^^^ 
Therationalefortlnstreatinentapp^ach^^^^^^ 

implanted pig islets have the potential to mmuc Ae no p y ^^^^^^ ^^^^^ 

in type 1 diabetics such that near-normal blood Sl"-^ ' ,'„„,,q„ence, long-term 
i^ulin administration or .ith a r.-.^— ^ ,ss 

diabetes complications may be prevented an ^ ; jj^^^^ens. 

h^oglycaemiathantheydowiththecurr^tlyrec— 

In a first aspect the invention consists m a methoa lor 

patient suffering from diabetes -W^*" -^^^^^ „ ,erm gestation; 

(a) extracting pancreatic P islet cells irom pigi 

treatine said islets with nicotinamide, 
?c ~ iating said islets in a biocompatible material wHch v,.l aUow ,n 
^ v,v. glucose movement to and insulin movement from the islets and 

J^^cting the encapsulated isle, cells of step (c) so as to transplan into smd 
* ' :dan patient an effective amount of viable piglet islet cells capable 
of producing insulin in the patient, and 
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(e) (optionally) administering nicotinamide to said mammalian patient at least 
subsequent to transplantation; and 

(f) (optionally) administering a casein-free diet to said mammalian patient. 
As used herein "administering" includes self administering, the procedure bemg 

characterised in that the harvesting of the islets at least during any substantial 
confrontation (eg; mincing and/or enzymatic challenge) is in the present of a trauma 

'"^tre;e!:^;y said trauma protecting agent for the islet cells is used during the 
isolation and/or preparation thereof for encapsulation. 

Preferably said agent is a «uma protecting agent selected from suitable anaesthefc 
aeents such as, for example, hgnocaine. 

Preferably said pigleU at or near Ml term gestation from which ti.e pancreatic P 
islet cells are extracted are at from -20 to +10 days full term gestation. 

Preferably said piglets are at from -7 to +10 days ft.ll term gestation. 
Preferably said encapsulation is with an alginate material (preferably sodtum 
alginate) (whether after pre-coating or not witi. some ofltcr material). 

Preferably said alginate (preferably sodium alginate) is m ultra pure form 
Preferably each islet or grouping of islets is entiapped in an in v,vo msuhn and 
ducose porous biocompatible alginate or alginate like surround. 

' Zferably such coating prevents, once implanted, direct tissue contact w,* sa.d 
islets and/or any pre-coating matiix which itself has the requisite porosrty once rmp an.ed^ 
Preferably each encapsulation involves presenting islets and a su.table alginate 
solution into a source of compatible cations titereby to entiap the islets m a cation - 

alginate gel. , • ^i 

Preferably said cation alginate gel is calcium-alginate gel. 

Preferably said alginate used in the solution is sodium algmate. 

Preferably the islets and sodium alginate solution (preferably l"w) is 
presented as a droplet (eg. through a droplet generating needle) into a bath of suitable 
cations (eg gelating cations such as calcium chlonde). 

pSe^ably the gel encased islets are coated with a positively charged matenal and 

thereafter optionally are provided with an outer coat of a suitable algmate. 
Preferably said positive charging material is poly-L-omithine. 

Preferably the gel entiapping the islets within the outer coating .s then hqmfied. 
Preferably said liquification is by the addition of sodmm citrate. 

Preferably said capsules contain a plurality of islet cells (preferably about three) 
and preferably have a diameter of from about 300 to 400 microns. 

After liquification of the alignate entrapping the islets, the "capsules are washed, 
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and again coated with alignate which neutralizes any residual change on the poly-L- 
omithLooa.ingandpteventsdirec,contactofthepoly-L-omithmew.,ht,ssueswhen.he 



entire capsule is transplanted. ^ „ • . 

Preferably the alginate production process has involved the following steps: 
Seaweed harvest-Washing- Alginate extraction-Filtration (preferably a 0.2 ,.m 

filter-^Precipitation-^Drying. ^ xr i ttc 

Prefibly the ultrapure alginate is Kelco LV produced by Monsanto-Kelco, US 

and has the following specifications 

1. Viscosity: 1% - 100-300 cps (Brookfield 25°C, speed 3.60 rpm) 

2. pH: 6.4-8.0 

3. Protein content <0. 5% 

4. Filtration: through 0.2 ptm 
5 Chemical analysis: 

Ca:<100ppm Mg<40ppm Mn:<10ppm 
Cu- <40 ppm Zn: <40 ppm Sr: <40 ppm 

Fe:<60ppm Pb:<50ppm As: <100ppb 

He- <40 ppb Si: <10 ppm 

5 Endotoxin level - measured by LAL test (at University of Pen.g.a): 39 EU/g 
FNB Any level below 100 EU/g in this test is considered endotoxm-fi:ee] . 

7 Molecular weight: 120,000 - 190,000 kD 

8 Mannuronic acid (M) content: M fraction (FJ 61% 
o Guluronic acid (G) content: G fraction (Fo) 39% 

Preferably the filtration has been with a multiple filtration process employmg 



Preieraoiy 

positively charged filters that remove any "P^P^'^^^/^r^xtraCion from the 
Preferably said pancreatic P islet cells at some stage after extraction from 

piglets and prior to encapsulatiort ^^^^^^J^^^ ^^^^ p,,,,, 

.om f^r le:"— r r:x.s..e to Ig. for .1 cells extracted 

""■^"'prTi^rbly the casein-free diet is administered to the mammalian patient a. leas. 

Tcasein-free diet is administered prior to transplantation, 
in at«hL aspect the present invention consists in encapsulated pancreafe .slets 

of a kind useful in a method aforesaid. ,i,„j „f nnrcine B 

In still a further aspect the present invention consists m a method of porcme p 
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islet cell production and/or method of xenotransplation thereof !□ an encapsulated 
form when preformed by a procedure substantially as hereinbefore described and/or 
subsumtially as hereinafter described and/or as shown in Figure 1 of the accompanymg 



In' still a further aspect the present invention consist in a xenotransplantable 
capsule or encapsulated mass of at least one porcine pancreatic (3 isle, cell extracted 
from pancreatic issue in the p^sence of a trauma protecting agent enclosed ,n an ,„ v,vo 
glucose porous and insulin porous biocompatible matenal. ...^^^ 
Preferably said trauma protecting agent for the ,slet cells .s used dunng the 
isolation and/or preparation thereof for encapsulation. 

Preferably said agent is a^aumaprotecting agent selected from suitable anaestheuc 
aaents such as, for example, lignocaine. u^^^ir. 
PreferaUy said preparation includes any of the steps or preferments he^m 

pxDressed or shown in the drawing. 

■Jhe major advantage of porcine isle, cell transplantation over human tsle. cell 
..anspl— is *a. the islet cell source can be readily expanded, and the b.osafe^ of 
r e iTcan be *oroughly explored prior .o ttansplan.ation. From a practical v.ewpom. 
pi: r Iva, and'is e. cell isolation can be performed expeditiously ,n an .deal 



environment. 



Cr.n.considera.ionsrelevanttotheuseofporcineislet cells intiansplantation 

»nr,roaches for type 1 diabetes include the followmg: 

stru^ral and biological similarities of porcine and human .nsultn 
^^e Z *a. porcine insulin has been used .o tiea. diabetes for several decades 
(1 :-nly been replaced by human se,uence insulin relatively rec^tiy); and 
. The similarity of physiological glucose levels in pigs and humans (We.r & 
^rr.Wefc 1997) This effectively means that pig islet cells can be expected to 
fersL^^lytothirhumancounterpartsinmaintainingequivalentbloodglucose 



concentrations. 



, The nature of the disease causing diabetes: successful long-term 
ailotian^L^tion of hLan islets can be achieved in over 80% of patient when the 

caused by non-immune processes. In contrast, even islets obta.ned from a non- 
"t^n cannit reverse autoimmune diabe.es long-term in the diabetic twm — . 
™s Ilsises the critical role of autoimmunity in the failure of islet tiansplanUtion^ 
™ *tion has been validated in allotransplantation of rodents with -^^betes -use 
Z autoimmunity as compared witi, diabe.es due .o pancreatectomy or chemtcal P cell 
destruction. No large animal model of autoimmune diabetes exists. 
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It is possible that the use of islets from different species (xenotransplantation) could 
avoid autoinunune destruction of transplanted islets, as the immune process of 
xenotransplant rejection is different to that of allotransplant rejection, but this is entirely 
hypothetical in humans. 

2 The viability of the islets: 

-nie processes by which islets are purified prior to transplantation are traumatic to 
these highly specialised tissues. Such trauma can induce necrosis or apoptosis - the latter 

Tult'luta may result from encapsulation. Processes used by us in both the 
preparation of islets and their encapsulation have been optimised to ensure minimal 
damage to the islets. Suchproeedureshaveensureazero*airu.~..a.....-..-.^- 
Tours with most human islet preparations), have involved the use of moottnamtde to 
':lce suooessM ^,ro exp.antation. have involved minimal inoubafon «me ^.h 
collagenase. have involved swift non-traumatic encapsulation technology, e c Our 
"rf^red preparation preferably uses neonatal (7-day old) islets which 

ul!Sg islet t^uma during purification, and assuring sufficient mamratton of the tslets 

for stimulated insulin production to occur. 

3 Drugs usei in ,He reclpUn,: transplantation does not require and avoids the need 
L cytoto 'c agents to suppress the immune system. Such agents are able to enter the 

microcapsule and cause islet toxicity, as well as causing systena. 
S "al nicotinamide and a special diet are used (for rationale, see sectton 1.4 below)^ 
-n.. transplantation procedures of o« earlier patent specificafon have the ab hty 
over aperiodprior to rejection of providing porcine insulin. In this respect, we ourselves 

conducted clinical trials. n i j -^u^u^? 

Four type 1 diabetic adolescents received 10,000 ftee .slets/kg bodywetght by 
intraperitoneal iniection. The islets were located from term piglets using the st^d^d 
"lagenase digestion, purification and culture techniques described ^' 
four Lipients received oral nicotinamide (1.5 g/day) and a casetn-free dtet both p« and 
post-tralplantation. A prompt reduction in insulin requirements, whtch was not c^ea^^ 
d„se-re.at!d, was noted in the first week after transplantation. The reduc^on m msulm 
dosage range from 21 to 32%, and the response lasted for up to 14 weelcs. However, 
insulin doses subsequently returned to their previous levels. 

The most Hkely reason for the transplant failure in these pattents was chrome 

reiection. However, no adverse effects were noted. , . . 

we have now shown alginate-encapsulated porcine islet cell transplants m two 



human diabetic patients, prolonged functioning of the transplants. Thejslets were 
n-ansplanted by intraperitoneal injection, one patient receiving 15.000 lEQ/kg (total 
1 300 000 islets) and the other 10,000 lEQ/kg (total 930.000 islets). Both pahents were 
treated pre- and post-transplantation with otal nicotinamide and a soy-based/casein-free 

diet 1- 
The preferred procedure as shown in Figure 1 was used for the preparation, the 

encapsulation being as aforesaid. Islet cells of -7 days to +10 days Ml gestation were 



used. 



A.J. P^^tj 

PER . a/.^^ucakt 
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